Purpose: BRCA genes are associated with hereditary breast and ovarian cancers. Guidelines worldwide currently recommend BRCA genetic testing in asymptomatic individuals only if they belong to "high-risk" families. However, population screening for BRCA1/2 may be the logical next step in populations with a high prevalence of founder mutations, such as Ashkenazi Jews. This study aimed to explore (i) the impact of a positive BRCA genetic test result on individuals who have neither a personal history nor a familial history of cancer and (ii) their attitudes toward the concept of population screening.
criteria for Ashkenazi Jews with a personal history of breast/ ovarian cancer are less stringent than those for other individuals (for the former, diagnosis at an early age and cancer history in other relatives are not prerequisites for testing). However, the criteria to carry out testing in asymptomatic Ashkenazi Jews are similar to those for other populations, i.e., significant family history of breast/ovarian cancer or a BRCA1/BRCA2 mutation. 12 Basing risk assessment on positive family cancer history has been demonstrated to have several limitations. Patients may have incorrect information about their family history 13 and may not bring to medical attention the existence of male relatives with breast cancer.
14 Health-care providers may not appreciate the importance of paternal family history of cancer. 15, 16 In addition, the family structure could explain low cancer prevalence (e.g., small families or families with preponderance of male individuals). 17 Therefore, current testing criteria for asymptomatic women may miss potential carriers who are, in fact, at risk. In a study of young patients with breast cancer, 50% of those who were found to be carriers of BRCA1/BRCA2 had no immediate family history of cancer. 18 Therefore early detection and intROdUctiOn BRCA1 and BRCA2 are the major genes known to be involved in hereditary breast and ovarian cancers. The frequency of BRCA mutations in the general population is epidemiologically estimated at 0.06 to 0.26%. [1] [2] [3] [4] In the Ashkenazi Jewish population, ~95% of known BRCA carriers carry one of three founder mutations 5 and the combined prevalence of these mutations in the Ashkenazi-Jewish population is 2.3%. 6, 7 Estimates of lifetime breast and ovarian cancer risks in female carriers were initially based on studies in families with multiple cases of breast and/or ovarian cancer, and the risk for breast cancer was reported to be up to 87%. 8 More recent meta-analyses based on index cases with breast/ovarian cancer (i.e., less biased ascertainment than one based on a strong family history) demonstrated lower cumulative risks of 43 to 67% for breast cancer and 14 to 40% for ovarian cancer (by age 70). 9, 10 These risks can be lowered substantially, for instance through risk-reduction salpingo-oopherectomy (RRSO). 11 Various guidelines have been issued regarding genetic counseling and testing relating to BRCA1 and BRCA2. Testing The experiences of BRCA carriers who belong to low-cancer-prevalence families | SHKEDI-RAFID et al ORIGINAL RESEARCH ARTICLE prevention measures could be offered only with regard to possible future tumors and not for the primary tumor. These issues are particularly pertinent to Ashkenazi Jews, whose recent population history, especially the Holocaust, is reflected in small family size and lack of medical information regarding previous generations in families.
Screening for the three common founder mutations in the general Ashkenazi Jewish population may meet many fundamental screening criteria, as delineated in World Health Organization guidelines 19 : a severe and common disease (breast/ovarian cancer), a known, identifiable cause (the three BRCA founder mutations), and the availability of preventive measures (e.g., RRSO) or methods of early detection that ameliorate the course of the disease. It is yet to be determined whether Ashkenazi Jews who carry risk-related genes but belong to low-cancer-prevalence families at the population level are sufficiently at risk as to justify population screening. A comparison of cancer risks in carriers from low-prevalence versus high-prevalence families, ascertained through a breast cancer proband, showed similar risks for these two groups; 17 however, in general, estimates of cancer risk for the general population 7 have been lower than estimates for those with a personal history of cancer or those belonging to high-risk families. 8, 9, 17 In addition, other fundamental issues involving population screening must be considered before disseminating such programs. These issues include the availability and cost-effectiveness of testing, medical surveillance, preventive procedures, counseling, and support for a large number of individuals.
Moreover, population screening for susceptibility genes may have individual and familial ramifications (e.g., potential guilt feelings about passing on the mutation to offspring). 20 It also raises social, ethical, and legal considerations including privacy and confidentiality; stigmatization; discrimination in insurance and employment; and reproductive issues (e.g., using pregestational/prenatal diagnosis to select against BRCA carriers). 21 Psychological aspects of BRCA genetic testing have been studied mostly in women with a personal and/or family history of cancer rather than in women with little or no such history, because the latter are not currently being referred for clinical genetic testing. Therefore, results from these studies cannot be generalized to asymptomatic women belonging to low-cancer-prevalence families. This is an important consideration in the context of population screening. The term "lowcancer-prevalence families" is used to indicate families whose history does not fulfill current BRCA testing criteria.
There has been growing interest in various aspects of BRCA population screening. Rubinstein et al. 22 demonstrated that population BRCA genetic screening of women of the Ashkenazi Jewish population in the United States between the ages of 35 and 55 years would be cost-effective with regard to surgical prevention and treatment of ovarian cancer. Metcalfe et al. 23 reported a significant response to a newspaper advertisement offering general BRCA genetic testing to Jewish women in Ontario, Canada. Almost half of the carriers identified in their study did not meet current family-history-based testing criteria. Of those who did meet the current testing criteria, 45% had not been previously referred for genetic testing, demonstrating the existence of health-provider barriers to such testing. In this study, pre-and post-testing questionnaires showed increased post-test distress among those who were found to be carriers, 24 but all the participants expressed a high level of satisfaction with the testing process. No comparisons were made between women belonging to high-prevalence families versus those belonging to low-prevalence families with respect to distress or satisfaction levels. Saunders et al. 25 reported about an Ashkenazi Jewish family in which the asymptomatic sister of a patient with breast cancer was identified as a carrier through direct-to-consumer testing, even though the affected sister was not a mutation carrier. The authors concluded that current testing criteria are too restrictive with regard to the Ashkenazi Jewish population.
Our study aims to supplement existing knowledge by qualitatively exploring the physical and emotional implications for asymptomatic women belonging to low-cancer-prevalence families on being informed that they are carriers of cancerrelated genetic mutations.
We were especially interested in the motivation for undergoing the test, the everyday consequences of a carrier status, and carriers' attitudes toward BRCA population screening.
mAteRiALs And metHOds
The participants were asymptomatic women who were carriers of one of the three Ashkenazi Jewish founder mutations and belonged to low-cancer-prevalence families. Most of these participants had been referred for genetic counseling after the finding of a positive test result in a male family member (usually the father), who was tested as part of a study of healthy Ashkenazi males (E. Gabai-Kapara, A. Lahad, B. Kaufman, et al., unpublished data). Asymptomatic carriers belonging to low-cancer-prevalence families were approached if they met the following criteria: >20 years of age; underwent the test 1 to 5 years before the current interview; and received pre-and post-testing genetic counseling.
Twenty women met these criteria. They were sent letters explaining the study and inviting them to join, along with a refusal letter that they could return if they were not interested in taking part in the study. If a refusal letter was not received, a genetic counselor from the Medical Genetics Institute at Shaare Zedek Medical Center telephoned the subject to schedule an interview.
Semistructured in-depth interviews were carried out between November 2009 and May 2010. The interviews lasted 1 h on average, and were audiotaped with the consent of the participants and transcribed verbatim. Analysis was informed by the grounded theory approach. 26 Whereas in traditional research methods the researcher chooses a theoretical framework, and then applies a model to the studied phenomenon, grounded theory is an inductive approach in which the theory emerges from the data. This approach was thought to be the most suitable for this study, given that this group has not been extensively SHKEDI-RAFID et al | The experiences of BRCA carriers who belong to low-cancer-prevalence families ORIGINAL RESEARCH ARTICLE studied and their numbers are currently small. The quoted portions of the interview represent typical responses. The study was approved by the institutional review boards at both Shaare Zedek and Hadassah Medical Centers.
The participants' characteristics are presented in Table 1 .
ResULts
Of the 20 women approached, accurate contact details were not available for one woman, two sent refusal letters, three refused at the time of the follow-up call, and 14 (74%) consented to participate. The women who consented to participate are believed to be representative of all the women who were approached because the characteristics of women from both groups (detailed in Table 1 ) were similar. Three themes were particularly prominent in the interviews.
Having no history of cancer in the immediate family was a source of optimism but also of confusion Unsurprisingly, receiving a positive genetic test result despite having no personal or familial history of cancer came as a shock at first for half of the participants across all ages. More than half of the women (eight) were skeptical when told that their risk of developing cancer was high, because they found the absence of cancer in the immediate family to be a reassuring factor. Three main arguments were advanced as sources of optimism:
1. There are healthy older carriers in the family, who have never had cancer. "I'm looking at my mother who was a carrier, passed away in her late 80s and never had cancer… so I'm trying to be optimistic" (62-year-old married woman, mother of three, no family history of breast/ovarian cancer, a brother is a carrier).
2. There has not been much research on carriers who have no personal or family history of cancer. "I feel as if there are not sufficient data about women like me. I'm sure that in time there will be explanations as to why people have the gene but don't develop the disease" (39-year-old married woman, mother of two, no family history of breast/ovarian cancer, father is a carrier).
3. There may be some protective factor that has yet to be identified. "We may be protected. Maybe we have some sort of immunity from these cancers" (41-year-old married woman, mother of four, no family history of breast/ ovarian cancer, father is a carrier).
It was particularly hard for these women to handle the mental conflict between their innate optimism and self-assurance on the one hand and the strict medical recommendations on the other. This was especially difficult when irreversible decisions Third-degree ovarian cancer 1
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had to be made, mainly with regard to prophylactic procedures. None of the participants underwent risk-reduction mastectomy (RRM), although the procedure was discussed with all of them, including in the summary letter sent to them. Their reasons for not undergoing RRM included confidence in the efficiency of early detection methods; fear of the physical, emotional, and esthetic implications of the surgery; and the fact that they did not consider themselves as being at a sufficiently high risk to warrant such a procedure. There was less uniformity, however, with regard to the response to the option of RRSO. Although the women acknowledged the lack of efficient surveillance for the early detection of ovarian cancer, the consequence of the procedure, namely, early onset of menopause (given that most participants were premenopausal) meant that it was not an easy decision. In total, four women (37, 40, 49 , and 62 years of age) opted to undergo RRSO after a positive BRCA test result, and one other woman had already undergone oophorectomy for other reasons. The majority of the women (nine) were still unsure of the appropriate timing for RRSO, because they were not yet sure whether they had reached their desired family size, because they were not yet married/had no children, or because they feared the side effects of early menopause. One of these women was >40 years of age (RRSO is generally medically recommended for high-risk women who are >40 years of age).
All the women in the study shifted from engaging in little or no medical surveillance to having close medical surveillance and either undergoing or debating the need for undergoing prophylactic surgeries. The increased focus on continuing medical surveillance in the context of their new increased-cancer-risk status has implications for participants' notions of health, as will be explored next.
Between health and illness
The genetic test was described by half of the participants as having opened their eyes to the importance of medical surveillance.
Nonetheless, the various tests for the early detection of breast and ovarian cancer (such as magnetic resonance imaging, breast and vaginal ultrasound tests, mammogram, and CA-125 testing) were perceived by many of the participants as being physically burdensome and unpleasant.
This "twilight zone between health and sickness" 27 was even more profound for those having to cope with the physical side effects of early menopause consequent to undergoing the RRSO procedure. Whereas surgery after a diagnosis of disease is performed to achieve cure, a preventive operation that is not instigated by symptoms may render a healthy woman sick, at least temporarily.
From an emotional point of view, a few women voiced a greater sense of vulnerability. In describing the impact of their "carrier status" on their everyday lives, women used expressions such as "constant clouding, " "being pursued, " "suffocation, " a "constant shadow, " a "ticking time-bomb, " an "axe being lifted above my head, " and a "heavy burden. "
Yet it seems that, for the majority of the participants, the surveillance tests and their consequences did not disrupt their everyday functioning.
Of note, an understanding of the various physical and emotional implications of being a carrier evolves over time, as these women engage in surveillance tests and face decisions relating to their genetic status. In addition, although most of the women expressed a personal motivation for undergoing genetic testing, a few admitted that they were encouraged to do so by either a parent or a physician. This may lessen the initial understanding of the test's implications, as can be illustrated in this account of the experiences of two sisters:
"We [my sister and I] didn't really know what we were doing [while undergoing genetic testing]; it was mainly to satisfy my father … I only explored deeply into it, and read about it, when we were specifically told that we were carriers" (41-year-old married woman, mother of four, no family history of breast/ovarian cancer, father is a carrier).
Overall, all the women taking part in this study expressed a strong belief in the benefits of knowledge, as part of the advantages of modern medicine, even where such knowledge resulted in worry. This could also be deduced from their communications with others. Five of the women from our study acted as active advocates for the genetic test, offering it to other women who, in their view, were potential carriers (because of a family history of cancer), so that the other women could also benefit from early detection and prevention. This behavior strengthens the impression that, from the point of view of these women, the benefits of being aware of their genetic status outweighed the drawbacks of having this information.
However, the women's opinions regarding offering the test to women in the general Ashkenazi Jewish population (as distinct from women belonging to "high-risk" families alone) were not necessarily supportive of the idea.
Attitudes toward population screening
When asked about their own motivation for undergoing genetic testing, the women highlighted the advantages of knowledge, calling it a "blessing, " an "asset, " and "providence. " Not wanting to know, they said, was like "burying your head in the sand, " and knowledge was preferable to uncertainty. None of the women interviewed expressed regret about having found out their genetic status or a preference for remaining ignorant of it. On the contrary, they considered themselves lucky for having found it in time rather than too late. A few women even expressed a sense of gratitude toward the first person in the family who had undergone genetic testing.
On this basis, one would expect them to employ similar reasoning regarding the idea of offering the test on a population basis to women without known family histories of cancer. Indeed, there is a general concordance between women's opinions about population screening and their own motivations for being tested. Supporters of population screening considered it to ORIGINAL RESEARCH ARTICLE be beneficial, acknowledging the importance of genetic knowledge and raising women's awareness, especially when there is no family history of breast and/or ovarian cancer. BRCA testing was even compared to other screening tests offered to women before and during pregnancy, emphasizing the test's relevance to all women, and the high prevalence of the mutations in the Ashkenazi Jewish population.
One The women emphasized the importance of pre-and posttest counseling to ensure that testing would not be coercive and that women would be well prepared for the implications of a positive test result. A few of the women felt that the information they had received was not sufficiently detailed regarding the postoophorectomy side effects of early menopause. In their words, they wanted to know whether they would have hot flashes, and about possible effects on their sex life or their moods, and so forth. Although they admitted that these details would have not changed their minds regarding the surgery, they felt that it would have made coping with its consequences easier. Therefore, they suggested that first-hand experiences of women undergoing prophylactic surgeries should be included in the counseling session.
However, five of the women were more hesitant about advocating BRCA population screening. They presented six main arguments against BRCA population screening: potential public hysteria; anxiety among certain women; difficulty in drawing a line, as so many other conditions could be potentially tested for as well; problems in having this knowledge before marriage; coercion by physicians to perform the test even if women are undecided; and perception of screening as discriminatory against non-Ashkenazim women. While the usual concern is discrimination against ethnic groups harboring mutations, in Israel, against the backdrop of the historical socioeconomic gap between Ashkenazim and non-Ashkenazim, 28 preferential testing of Ashkenazim could be perceived as another example of greater opportunities being offered to this ethnic group.
discUssiOn
This study aimed to explore the issues that might face asymptomatic individuals belonging to low-cancer-prevalence families if general population screening is initiated for groups with high prevalence of founder mutations.
Asymptomatic individuals with a substantial family history of cancer may begin preparing themselves for a positive test result even before the test is carried out. However, receiving a positive genetic test result could be entirely unexpected for individuals who lack such family history. For them, being "at high risk" is solely a consequence of being identified as a carrier. Albeit not entirely comparable, such an experience has been described with regard to asymptomatic carriers of Fragile X syndrome. The implications of being a carrier for Fragile X are independent of the partner's status (with respect to the risk for mental retardation in offspring) and include risks for the woman herself (premature ovarian failure and Fragile X Tremor Ataxia syndrome). Anido et al. found that Fragile X carriers who were identified through participating in a study rather than because of a positive family history were utterly unprepared for the positive results. 29 Previous studies that examined the experiences of asymptomatic BRCA carriers from high-risk families showed that women were generally willing to accept the immediate physical and mental costs of their preventive actions if these provided a way to avoid future illness. 27, [30] [31] [32] The results of our study demonstrate that even women with no family history of cancer are willing to undergo physical and mental discomfort to avoid potential future illness. It could be suggested that the combination of the fear of illness and belief in the ability of technology to ameliorate risks drives women to accept difficulties as long as they are provided with hope.
All the women in the study adhered to surveillance measures. Regarding preventive surgery, three of the four women ≥40 years of age underwent RRSO; this is comparable with the 67% acceptance of RRSO by BRCA carriers in Israel belonging to high-cancer-prevalence families. 33 None of the women in our study underwent RRM, although this measure was discussed. Internationally, there is a wide variation in the rate of acceptance of RRM; in Israel only 4.2% of BRCA carriers from high-cancer-prevalence families undergo RRM. 33 Therefore the participants' decisions regarding this procedure most probably reflect their cultural context as well, and not merely their personal feelings.
Looking at women's personal experiences of being carriers has several potential implications for the implementation of a BRCA population screening program. The fact that some of the participants compared BRCA testing with screening tests carried out before and during pregnancy may hint at the acceptance of such a screening program in Israel. In Israel, couples planning a pregnancy commonly undergo screening for carrier status for various recessively inherited conditions, based on their ethnic origin. 34 A high acceptance of such tests has been demonstrated particularly in the Ashkenazi Jewish population, which is offered the largest range of tests. 35 Testing for carrier status is often considered a "must" in Israel, and women who choose not to be tested face criticism from their families. 36 In light of the "routinization" of prenatal testing 37 and the comparisons made by a few of the participants between BRCA testing and prenatal testing, attention should be given to avoiding such routinization while implementing BRCA population screening. This is of added importance given that many of the women specifically mentioned that they had undergone genetic testing only to satisfy their relatives and that, initially, the implications of having a positive carrier status had not been thoroughly thought out or understood. It is important that population screening, if implemented, occurs as an opt-in rather than an opt-out process, one that allows women to make an informed decision.
The importance of pre-and post-test genetic counseling was expressed in the women's accounts and in various guidelines. 38, 39 Because the increasing use of genetic tests may render pretest counseling impractical (given the constraints of cost, time, and availability of experienced teams), one possibility is to limit posttest counseling only to carriers. In the Ontario study, 24 women had genetic testing after receiving only written information, whereas in-person genetic counseling was provided only to carriers after the test. More than half of the carriers and 18% of the noncarriers stated that they would have preferred pretest genetic counseling. One-fifth of the noncarriers stated that they would have preferred to receive their (negative) test result in person rather than by phone or mail. In the realm of BRCA population screening, pre-and post-testing genetic counseling for all women undergoing tests may be costly and therefore unrealistic, suggesting the need to produce an alternative solution. Moreover, the results of our study, in which women did receive pre-and post-testing genetic counseling, indicate that a proper understanding of the implications of a positive carrier status is a gradual process. Therefore, posttest support should be provided to carriers, especially to those who express a greater sense of vulnerability or have difficulties in adjusting to the consequences of preventive procedures.
None of the women in our study opted for RRM, and none of those who underwent RRSO regretted doing so. However, the uncertainty expressed by some of the women regarding the appropriate timing of RRSO, and the perception of coercion with respect to having genetic testing voiced by a few of the women, warrant consideration. Careful attention must be given to evaluate women's preparedness to undergo genetic testing as well as irreversible preventive surgeries, even if such procedures are medically recommended.
This study has several limitations: in spite of a fairly high response rate (74%), women with no personal or family history of cancer are not currently referred for BRCA genetic testing, and therefore this study is based on a relatively small sample size. The participants who came forward for genetic testing already knew that they had a 50% chance of being carriers (because a parent or a sibling was a carrier). In a population screening context, some women will arrive at the point of genetic testing with similar knowledge, whereas others will be the first in their families to be tested. In addition, in view of the fact that only one of the participants in our study was unmarried and childless, the concerns that would confront younger, unmarried, and childless women require further examination.
The study was retrospective, and therefore beyond recall bias, participants in this study (as with participants in comparable studies) may represent those who coped best, leading to biased ascertainment of the number of women with a favorable response to testing. Women with difficulties in coping with their positive test result and its consequences may be more reluctant to discuss the process and their voices would be lost. Another initial source of possible bias is that participants were selected from those who chose to be tested in the first place, and women who initially refused testing may have completely different attitudes and beliefs. Furthermore, all the participants were recruited from a single genetics clinic in Israel. This has several implications: Israel has a national health insurance for all citizens, and there is complete coverage for screening and prevention measures recommended to carriers of risk-related genes. Therefore, the women in our study voiced no concerns regarding access to care. The expenses involved in undergoing the recommended tests (e.g., breast magnetic resonance imaging) and surgical procedures could be a significant issue for carriers in countries that lack full health coverage. In Israel technology is highly valued and therefore new tests are rapidly endorsed, with often little discussion of their medical, social, and ethical ramifications. 40 Consequently, the experiences of the participants in our study may not be representative of those of women in other countries with different health systems, views, and cultural backgrounds. In addition, all the participants in our study were well educated. Therefore, although they were perhaps representative of women who are likely to undergo screening, they are not representative of the entire population. The conclusions drawn may therefore not be readily applicable to less-educated individuals.
The results of this study show an overall positive experience with BRCA testing and subsequent follow-up procedures, and positive attitudes toward an opt-in BRCA population screening program from a sample of women representing the target population. However, before implementing such screening programs, it is desirable to undertake further research with larger numbers of individuals belonging to low-cancerprevalence families, of different ages and cultural settings, to promote a better understanding of various issues relating to population screening, including medical, psychological (both pre-and posttest assessments), reproductional, and marital issues.
